Background. Dengue is considered one of the most important vector-borne infection, 21
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Introduction
The equilibrium densities of model (1) can be calculated exactly in the case 171 where seasonality can be neglected, i.e., with [ ] 
Alternatively, we can write 213 214 
At equilibrium, this expression yields 229 230 Usually, the second-and higher-order terms can be neglected provided that the relative 292 variation in the parameter, Linearizing the second, the fifth, the sixth and the eight equations of model (1) 296 around the trivial solution (no-infection), we obtain the threshold normally denoted 0 R 297 in the literature (details can be found in [21] ). 298 anopheline vectors and susceptible humans, the biting rate parameter a of model (1) . 341 We are aware that this strategy is effective against Anopheles mosquitoes because these 342 vectors bite at twilight and early at night. In contrast, Aedes mosquitoes bite primarily 343 during the day. We include this analysis here for the sake of generality and also because 344 the use of repellents and mosquito shields can produce the same reduction in the biting 345 
( )
The use of larvicides is assumed to increase the mortality rate of the larvae, E µ .
359
Therefore, the impact of such a strategy is a function of the partial derivative of 0 R with 360
Finally, we take the partial derivative of 0 R with respect to the mosquito mortality rate 365 M µ to estimate the impact of the application of adulticides as a control strategy against 366 the dengue vectors. The result is given by 367
Given these partial derivatives, we can calculate the sensitivity of 0 R to the four 371 parameters above and thereby estimate the relative efficiencies of the control strategies 372 for avoiding the introduction of dengue into a non-infected area. To perform these 373 calculations, we consider equation (27) Table 2 , are shown in Table 3 . 
We simulated model (1) with the parameter values available from the literature. 428
However, it is known that these parameters vary with the place, local temperature, 429 climatic factors, mosquito strains and human demography. Therefore, we applied a 430
Monte Carlo simulation algorithm [28] to generate parameter distributions that could 431 mimic real conditions. We used a Beta-distributed random number generator with equal 432 parameters to guarantee the symmetry of the distribution around the mean. Because the 433
Beta distribution with equal parameters has a mean of 0.5, we multiplied the final result 434 by 2. We ran the Monte Carlo algorithm one thousand times to generate the 435 distributions of the parameters. The parameters' baseline values, the mean values of the 436 simulation, the variance and the 95% confidence intervals for each parameter are shown 437 in Table 2 . 438
439
Results of the sensitivity analysis 440 441 Table 3 numerically simulating two coupled models, one describing the vector population and 501 the other the host population. These models are extremely complex, including a total of 502 99 parameters for the vector and host populations. Although the calculations based on 503 these models are very important, they mask the dynamics involved. In contrast, the 504 dynamics of dengue constitute the main interest of our paper. Our model contains only 505 16 parameters and admits an analytical solution that can be compared with the classical 506 models designed for the study of vector-borne infections. These differences 507 notwithstanding, the results of Ellis et al. [30] are qualitatively similar to the results that 508 we obtained. 509
Some of the findings of the current paper are qualitatively similar to previous 510 results. However, this is the first paper that proposes a quantification of the relative 511 efficacy of different control strategies. In other words, we are now able to say how 512 much killing adult mosquitoes is more efficient than killing immature stages, for 513 instance. 514
Our results identify the control of adult mosquitoes as the most effective strategy 515 to reduce both 0 R , λ and H H N I . However, we are aware that the effectiveness of this 516 strategy is severely constrained, e.g., by the difficulty of achieving sufficiently high 517 coverage of the surfaces used by the mosquitoes for resting [29, 31] and by the 518 limitations of ultra-low volume insecticide spraying, which involves a low probability 519 of contact between adult mosquitoes and the insecticide droplets [18] . 520
The second most effective strategy is the reduction of the contact between the 521 vectors and hosts, quantified by the daily biting rate a . This strategy has been 522 successfully applied in malaria control, e.g., through the use of insecticide-impregnated 523 bed-nets. This approach to malaria control is effective [38] because the malaria 524 mosquito bites at night. Aedes mosquitoes, in contrast, are day-biting mosquitoes, and 525 bed nets are not a feasible method to avoid their bites. In certain countries, however, 526 people habitually take a siesta, a rest during the afternoon [18] . In addition, insecticide-527 treated clothes (ITCs) used as personal protection against malaria infection [18] are 528 beginning to be tested against dengue [10] . 529
The next strategy suggested by the analysis of the model's sensitivity involves 530 the carrying capacity of the immature stages, E κ . This strategy is associated with the 531 mechanical control of the sources of the mosquitoes. Our assumption is that by 532 destroying mosquitoes' breeding places, we are reducing E κ .
533
It is probable that this approach is the most widespread strategy for the control 534 of dengue in endemic regions. However, the results obtained from this strategy have 535 been disappointing. It is probable that these disappointing results are due to the lack of 536 cooperation by the affected communities, which often hampers the application of the 537 method. Unfortunately, 0 R was not found to be very sensitive to this strategy. A 1% 538 
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Obviously, the possible control strategies analyzed in this paper are expected to 548 be applied in combination, although we studied each of them in isolation. In addition, it 549 is necessary to carry out a study of financial costs and logistic feasibility to determine 550 the most effective vector control strategy against dengue. 551
The theoretical case of 100% vertical transmission ) 1 ( = g , i.e., the case in which 552 all of the eggs from the latent and infected mosquitoes are infected, is interesting. In 553 fact, a structural change occurs in our model if 1 → g . The populations of susceptible 554 and infected eggs become completely decoupled. It can be verified that the disease can 555 sustain itself even without human hosts. Actually, as shown by previous authors [32] , 556 this is the only way in which the infection circulates exclusively among the vectors in 557 the absence of hosts. 558
In addition, if 1 = g and human hosts are introduced into the system, the 559 evolution of the system over time results in a situation in which all mosquitoes are 560 infected because all of the eggs of the infected mosquitoes are infected. Therefore, if 561 1 = g and human hosts are introduced, the population of susceptible mosquitoes and 562 eggs decreases to zero. This result can be verified from equations (8) and (11). 563
Our approach has some important simplifications with respect to reality. The 564 first one is the homogeneously mixing assumption. According to this assumption, the 565 density of every subpopulation is the same everywhere and from the model it seems as 566 if every single infected mosquito has the same probability of contacting every host. 567
Actually, this is not true and it is a notational artifact. In the appendix we explain how 568 this notational artifact can be eliminated. Furthermore, we show how to relax the 569 homogeneously mixing assumption and analyze some consequences of this. 570
The second limitation is that the model predicts a stable endemic equilibrium, 571 which is seldom observed. One reason for this is that in this model, for simplification, 572 we exclude seasonality, which precludes the existence of such equilibrium for long 573 periods of time. The relative sensitivity of the variables to the parameters, however, is 574 also valid (actually to a very good approximation) for non-equilibrium situations. The above formalism is necessary when we are dealing with large regions of space, 634 where heterogeneities are significant. However, for small regions, where heterogeneities 635 can be neglected, the system of equations (1) of the main text, are a good 636 approximation. The relative sensitivity of the transmission variables to the studied 637 parameters, however, is not expected to be significantly influenced by spatial 638 heterogeneities. Of course, the value of the transmission variables may vary from place 639 to place but the relative sensitivity, the main objective of the present analysis, of these 640 variables to the parameters should be the same. 641 
